Experience-dependent transcriptional regulation in juvenile brain development.
During brain development, once primary neural networks are formed, they are largely sculpted by environmental stimuli. The juvenile brain has a unique time window termed the critical period, in which neuronal circuits are remodeled by experience. Accumulating evidence indicates that abnormal rewiring of circuits in early life contributes to various neurodevelopmental disorders at later stages of life. Recent studies implicate two important aspects for activation of the critical period, both of which are experience-dependent: (a) proper excitatory/inhibitory (E/I) balance of neural circuit achieved during developmental trajectory of inhibitory interneurons, and (b) epigenetic regulation allowing flexible gene expression for neuronal plasticity. In this review, we discuss the molecular mechanisms of juvenile brain plasticity from the viewpoints of transcriptional and chromatin regulation, with a focus on Otx2 homeoprotein. Depending on experience, Otx2 is transported into cortical parvalbumin-positive interneurons (PV cells), where it induces PV cell maturation to activate the critical period. Understanding the unique behavior and function of Otx2 as a "messenger" of experience should therefore provide insights into mechanisms of juvenile brain development. Recently identified downstream targets of Otx2 suggest novel roles of Otx2 in homeostasis of PV cells, and, moreover, in regulation of chromatin state, which is important for neuronal plasticity. We further discuss epigenetic changes during postnatal brain development spanning the critical period. Different aspects of chromatin regulation may underlie experience-dependent neuronal development and plasticity.